Abstract. The present study aimed to investigate the cervical lymph node metastasis of nasopharyngeal carcinoma (NPC) and to establish a novel N staging standard for NPC, based on intensity modulated radiation therapy (IMRT) via a prospective multicenter clinical trial. Between January 2006 and December 2009, a total of 492 patients with NPC without distant metastasis were included in the present study. All patients were treated with IMRT. According to Radiation Therapy Oncology Group division standards, the present study proposed a novel N staging system following the review of magnetic resonance images in comparison with the 7th edition of Union for International Cancer Control/American Joint Committee on Cancer (UICC/AJCC) staging system. Retropharyngeal lymph nodes, cervical lymph node level and cervical lymph node laterality were independent prognostic factors used in multivariate analyses. According to the results of the risk variety, the present study suggested that the novel N staging system included: N0 (no lymph node metastasis), N1 [retropharyngeal or/and unilateral upper cervical (I, II, III, Va, VIIb, VIII, IX and X regions) lymph node metastasis], N2 [bilateral upper cervical (I, II, III, Va, VIIb, VIII, IX and X regions) lymph node metastasis] and N3 (lymph node metastasis in IVa and Vb regions and their lower regions). The novel N staging system proposed in the present study performs better in risk difference and distribution balance. Furthermore, the differences of 5-year curves of distant metastasis-free survival and overall survival had greater statistically significant differences compared with the 7th edition of the UICC/AJCC staging system. The present study suggested a novel N staging system for cervical lymph node metastasis of NPC, which may predict the prognosis of patients with NPC in a more objective and accurate way.
Introduction
Cervical lymph node metastasis of nasopharyngeal carcinoma (NPC) has an incidence as high as 70% (1) , and is a key factor that affects the clinical staging of NPC, treatment plan and prognosis (2) . The current existing international standards for NPC staging originated from the 7th edition of the Union for International Cancer Control/American Joint Committee on Cancer (UICC/AJCC) staging system that is primarily based on palpation (3, 4) . Palpation of lymph nodes usually depends on the subjectivity of doctors, which may interfere with the accuracy of staging and the development of individualized treatment plans. In previous years, intensity modulated radiation therapy (IMRT) has become an important therapy for NPC (5) (6) (7) (8) (9) (10) (11) (12) . As a type of precision radiotherapy, IMRT requires precise anatomical locations; however, the 7th edition of the UICC/AJCC staging system has included body surface positions that are used for the determination of cervical lymph node metastasis (13) . For example, in this staging system, supraclavicular fossa (SCF) is defined as a triangle area formed by the upper edge of the sternal end of the clavicle, the upper edge of the outer end of the clavicle and the neck-shoulder intersection; however, this area may include the IV region and the tail of V region in the international cervical lymph node partition system (14) . Therefore, SCF, a position that does not have accurate positioning in cross sections in imaging, cannot satisfy the requirements by IMRT. Thus, the 7th edition of UICC/AJCC staging system A novel N staging system for NPC based on IMRT and RTOG guidelines for lymph node levels: Results of a prospective multicentric clinical study has certain limitations regarding the outline of NPC target areas, the definition of treatment plans and the evaluation of prognosis (15) . Initially, the Radiation Therapy Oncology Group (RTOG) divides cervical lymph nodes into retropharyngeal region, I (Ia, Ib) region, II (IIa, IIb) region, III region, IV region, V region and VI region (16) . Subsequently, retro-6). Subsequently, retro-). Subsequently, retrostyloid space and supraclavicular region are included in a modified version of RTOG division standards (17) . In 2013, RTOG division standards further defined IVb, Vc, VII, VIII, IX and X regions (18) . The internationally recognized cervical lymph node imaging division standards are widely used among the radiation oncology research community. The present study used RTOG division standards and magnetic resonance imaging (MRI) to investigate cervical lymph node metastasis of NPC and to establish a novel N staging standard for NPC based on IMRT via a prospective multicenter clinical trial. Cross Hospital, Wuzhou, Guangxi, China) were included in the present study. Among them, 338 were male and 154 were female. The median age of the group was 45 years old (range, 18-81 years old). All patients received IMRT. Patients with a Karnofsky performance status of ≥70, who met criteria for blood counts and other tests (i.e., serum creatinine ≤1.6 mg/dl and serum bilirubin ≤1.5 mg/dl; white blood cell ≥3,600/mm 3 , platelet ≥100,000/mm 3 and hemoglobin ≥12.0 g/dl for males, ≥11.0 g/dl for females) were eligible. Prior to treatment, all patients received detailed physical examination, general situation appraisal, blood routine examination, nasopharyngeal fiberscope examination, chest X-ray or computed tomography (CT), abdominal ultrasound and MRI of areas including the nasopharynx and neck. Patients with N2-N3 stage received additional bone scanning. All procedures were approved by the Ethics Committee of Guangxi Medical University (Nanning, China). Written informed consent was obtained from all patients or their families prior to enrolment in the present study.
Materials and methods

Patients
MRI. MR images were obtained using a 1.5-T MRI scanner (GE Healthcare Life Sciences, Little Chalfont, UK). All patients received routing and enhanced scanning. Scanning directions were cross sectional, sagittal, coronal, T2-weighted (TR 3,000-4,000 ms, TE 102-110 ms), T1-weighted (TR 2,200-2,400 ms, TE 77-109 ms, TI 750 ms) and enhanced T1-weighted scanning. Head quadrature coil was adopted, with a thickness of 6 mm, interlayer space of 1 mm and matrix of 256x192. Cross-sectional scanning ranged from suprasellar cistern to the lower edge of the clavicle. The contrast medium was gadopentetate dimeglumine-diethylenetriaminepentacetate, with a dose of 15 ml.
Clinical staging. All MR images were independently reviewed using a picture archiving and communication system by two physicians. The stage of this research group was defined according to the 7th edition of UICC/AJCC clinical staging standard, taking into account patient symptoms and physical examination information. Lymph node metastasis was diagnosed by MRI, but not by palpation, according to the guidelines of RTOG 2013 edition (19, 20) .
Therapeutic method. A total of 492 patients with NPC received IMRT during the whole process. Computed tomography contrast-enhanced scanning was applied from the skull cap to 3 cm below the clavicle, with a layer distance of 3 mm and layer thickness of 3 mm. Under the guidance of Report 50 and Report 62 of International Commission on Radiation Units and Measurements, gross tumor volume (GTV) included primary tumor sites, and their invasion range (GTVnx), retropharyngeal metastatic lymph nodes (GTVrpn) and cervical metastatic lymph node (GTVnd) (21). The clinical target volume (CTV) range may be adjusted according to involvement degrees. For example, CTV1 should include GTVnx, GTVrpn, the whole nasopharyngeal mucosa and submucosal 5 mm region; CTV2 should include CTV1, as well as some of the following: Posterior nasal cavity, pterygopalatine fossa, posterior maxillary sinus, part of the posterior ethmoid sinus, lateral pharyngeal space, skull base, part of cervical vertebra and slope. Planning target volume (PTV) included position errors and organ movements during treatments, which are usually externally expanded for 3-5 mm based on GTVs and CTVs. The prescription doses were as follows: PGTVnx and PTVrpn (68-74 Gy), PTVnd (66-70 Gy), PTV1 (60-66 Gy) and PTV2 (50-56 Gy; 5 fractions/week for a total of 30-33 fractions). The setting of restricted dosages for critical organs followed international consensus (21,22).
All stages were defined according to the 7th edition of the UICC/AJCC staging standards. Of the 477 patients with Stage II-IVB disease, 93.70% patients (461/492) received chemotherapy, including 51.0% (235/461) with concurrent chemotherapy, 37.09% (171/461) with induction + concurrent chemotherapy, 7.59% (35/461) with concurrent + adjuvant chemotherapy, 4.12% (19/461) with induction + concurrent + adjuvant chemotherapy, and 0.22% (1/461) with induction chemotherapy. The chemotherapy drugs were primarily platinum-based. All centers used identical chemotherapy protocols.
Follow-ups. Regular follow-ups commenced from 3 months after the patients ended their treatment. The follow-up period was defined as the period starting from the commencement date of treatment to the last date of regular follow-up or to the time of mortality of patients. By December 31st 2014, the last date of regular follow-up, the median follow-up period was 64.1 months (6-92 months). A percentage of 96.3% of patients had complete follow-up data of 5 years. The main analysis factors included overall survival (OS), disease-free survival (DFS), relapse-free survival (RFS) and distant metastasis-free survival (DMFS).
Statistical analysis. All results were analyzed using SPSS v19.0 statistical software (IBM Corp., Armonk, NY, USA). The Kaplan-Meier method was used to calculate various survival rates. The log-rank test was used to examine the significance of differences in survival rate. Analyses of prognosis were performed using univariate analysis or multivariate analysis. P<0.05 was considered to indicate a statistically significant difference. Data are presented as the mean ± standard error of the mean.
Results
Rate of lymph node metastasis of NPC is high, with retropharyngeal and II regional lymph nodes being the most likely to have metastasis.
To determine the distribution of metastatic lymph nodes, the locations of the metastasis were recorded for all 492 patients with NPC. Among the 492 patients, 428 (87%) had cervical lymph node metastasis, including 82 (19.2%) cases with left cervical metastasis only, 77 (18.0%) cases with right cervical metastasis only and 269 (62.9%) cases with cervical metastasis on both sides. The number of patients with retropharyngeal lymph node metastasis was 339 (79.2%), including 128 cases of bilateral metastasis (38.1%) and 210 cases of unilateral metastasis (61.9%). The number of patients with II regional lymph node metastasis was 351 (82.0%), including 189 cases of bilateral metastasis (44.2%; Table I ). Among the 428 patients with lymph node metastasis, only 4 patients without II regional metastasis had III regional metastasis (0.9%), including 1 case that demonstrated IV, Va and Vb regional metastasis. Among patients without II and III regional metastasis, no IV regional metastasis was observed. These results suggested that the rate of lymph node metastasis of NPC was high, with retropharyngeal and II regional lymph nodes being the most likely to have metastasis.
Retropharyngeal lymph nodes, cervical lymph node level and cervical lymph node laterality are associated with the prognosis of patients. To investigate the association between lymph node characteristics and prognosis, univariate analysis and multivariate analysis were performed. According to the 7th edition of the UICC/AJCC staging system, patients at I, II, III, IVa, and IVb stages accounted for 3.0% (15/492), 14 45 .9% (226/492), 2.2% (11/492) and 6.5% (32/492), respectively (data not shown). The OS rate after 5 years was 80.5%, the DFS rate was 78.6%, the RFS rate was 94.1% and the DMFS rate was 84.3%. Univariate analysis of 428 patients with cervical lymph node metastasis demonstrated that lymph nodal level, sizes [measured as the maximum diameter (D max )] had a statistically significant effect on OS, DFS and DMFS, cervical lymph node laterality and retropharyngeal region had a statistically significant effect on OS, DFS, RFS and DMFS, and extracapsular spread had a statistically significant effect on OS, whereas liquefaction necrosis had no significant effect (Table II) . In addition, distant metastasis survival and overall survival in Ib, retropharyngeal (VIIa), III and Va regions were not significantly different from II region, whereas those in IVa, Vb and lower regions were significantly different from the II region. Therefore, lymph node levels were divided into two groups: Level 1 (L1), retropharyngeal (VIIa), Ib, II, III and Va regions; and level 2 (L2), IVa, IVb, Vb and Vc regions (Table III) . Multivariate analysis of all 492 patients revealed that D max of cervical lymph nodes, extracapsular spread and liquefaction necrosis did not have independent prognostic significance. Of note, retropharyngeal lymph nodes, cervical lymph node level and cervical lymph node laterality were independent prognostic factors (Table IV) . These results indicated that retropharyngeal lymph nodes, cervical lymph node level and cervical lymph node laterality are associated with the prognosis of patients.
Novel N staging system proposed in the present study is more suitable for IMRT compared with the 7th edition of the UICC/AJCC staging system. According to univariate and multivariate analysis results, the 492 patients included in the present study were classified into six subgroups, including the N0 group (no lymph node metastasis), retropharyngeal lymph nodes (Nrp) group, L1Lu group (unilateral upper cervical lymph node metastasis), L1Lb group (bilateral upper cervical lymph node metastasis), L2Lu group (unilateral lower cervical lymph node metastasis) and L2Lb group (bilateral lower cervical lymph node metastasis). Compared with the L1Lu group (hazard ratio=1), the hazard ratio for the risk of distant metastasis survival and overall survival in the N0 group was 0. Thus, N0 group was classified as N0 stage. Compared with the L1Lu group (hazard ratio=1), the hazard ratio for the risk of distant metastasis survival in the Nrp group was 1.367 and the risk of overall survival was 1.857. Statistically, the L1Lu and Fig. 1 , Table VI ). Conversely, OS and DMFS curves were not significantly different between N3a and N3b stages according to the 7th edition of the UICC/AJCC staging system (Fig. 1, Table VI) . Furthermore, the ratio of distribution in N3a and N3b stages in the 7th edition of the UICC/AJCC staging system accounted for 2.2 and 6.5%, respectively, whereas the N3 stage in the proposed novel N staging system accounted for 8.9%, being more balanced compared with the 7th edition of the UICC/AJCC staging system (Table VII) . In addition, the risk ratio for each stage in the proposed novel N staging system was significantly different compared with the N0 stage (P<0.05), whereas the risk ratio for the N1 stage in the 7th edition of the UICC/AJCC staging system was not significantly different compared with the N0 stage (P>0.05; Table VII ). These results suggested that the novel N staging system proposed in the present study was more suitable for IMRT compared with the 7th edition of the UICC/AJCC staging system.
Discussion
NPC has a high rate of cervical lymph node metastasis and ~70% of patients were diagnosed with cervical lymph node metastasis at their preliminary diagnosis (1, 23) . The MRI data in the present study demonstrated that 87.0% of 492 patients had lymph node metastasis, which was consistent with the results reported by Wang et al (24) and Ho et al (25) . The metastatic rates for retropharyngeal, II, III, IV, Va, Vb and Vc regions were 79.2, 82.0, 47.4, 7.7, 4.0, 2.1 and 0.5%, respectively. Consistent with a previous study, the metastatic rates of each region decreased from the upper region to the lower region, and the skipping metastatic rate was 0.9% (26) . However, it has not been confirmed whether the retropharyngeal or II region lymph node is the sentinel lymph node (1, (27) (28) (29) (30) . Lv et al (31) revealed that the metastatic rates of retropharyngeal and II region lymph nodes were 74.5 and 75.3%, respectively, suggesting that both are sentinel lymph nodes. Consistent with this observation, the present study demonstrated that the metastatic rates of retropharyngeal and II region lymph nodes in 428 patients were 351 cases (82.0%) and 339 cases (79.2%), respectively. This observation may be associated with lymph node drainage via retropharyngeal Hazard ratio (95% CI) and II regions. In the 7th edition of the UICC/AJCC staging system, retropharyngeal lymph node metastasis was classified as N1 (32). Tang et al (33) recommended classifying retropharyngeal lymph node metastasis as N1. The results of the present study revealed that retropharyngeal lymph node metastasis (regardless of sides and sizes) is an independent prognostic factor that affects OS, DFS, RFS and DMFS of patients with NPC. Due to various N staging standards of NPC that have distinct lymph node parameters (15, 20, 29, 34, 35) , the present study suggested setting a unified standard based on objective MRI data and international lymph node imaging division method. Supraclavicular fossa defined in the 7th edition of the UICC/AJCC staging system has been demonstrated to have high risk of distant metastasis. According to the RTOG for Lymph Node criteria, supraclavicular fossa is located at IV region, the lower part of V region and the whole supraclavicular region (13) . Cervical lymph nodes are an ordered defense system. Once supraclavicular lymph nodes are affected, tumor cells may further invade thoracic ducts and possibly the whole body. Mao et al (34) suggested that lymph node metastasis regions may be categorized into retropharyngeal, Ib, II, III, V and IV regions, as well as the supraclavicular region, when using the N staging based on MRI and RTOG to evaluate distant metastasis risks. Ng et al (15) and Yue et al (36) suggested replacing supraclavicular fossae in UICC/AJCC standards with IV and Vb regions. Li et al (37) revealed that lower cervical lymph node metastasis (IV, Vb and supraclavicular regions) is an independent prognostic factor that affects survival (37) . Consistent with these reports, the present study divided the lymph node level into Level 1 (retropharyngeal, Ib, II, III and Va regions) and Level 2 (IVa, IVb, Vb and Vc regions), and univariate and multivariate analyses confirmed the significant differences in prognosis between the two.
Risk ratio (95% CI) ---------------------------------------------------------------------------------------------------------------------------
NPC usually metastasizes according to the direction of lymphatic drainage (38) . As it is different from other malignant tumors in the head and neck, NPC usually has lymph node metastasis (bilateral or unilateral) during its early stage, with a 40% rate of bilateral lymph node metastasis (39) . The primary difference between N1 and N2 stages in the 7th edition of the UICC/AJCC staging system is unilateral or bilateral lymph node metastasis. The present study demonstrated that OS, DFS, RFS and DMFS rates were significantly different between unilateral and bilateral metastases, suggesting that cervical lymph node laterality is an independent prognostic factor for NPC.
A previous literature review investigating the data for the N-staging system for NPC revealed that the prognostic significance attributed to size was controversial (40) (41) (42) (43) (44) . Lee et al (4) demonstrated that the largest lymph node size was independently significant in predicting survival. However, certain reports revealed that lymph node size was not an independent prognostic factor (40) (41) (42) (43) . The multi- [40] [41] [42] [43] . The multi-0-43). The multivariate analysis of present study indicated that lymph node size was not an independent prognostic factor. According to the 7th edition of the UICC/AJCC staging system, the diagnosis of lymph nodes >6 cm was primarily based on palpation, which is subjective. Few lymph nodes >6 cm may be diagnosed by MRI or CT. Therefore, it is still controversial whether lymph node size should be included in the N staging standards.
The prognostic significance of extracapsular spread in the treatment of NPC remains unclear. Mao et al (34) suggested that lymph node extracapsular spread should be classified into N2 stage as a staging factor. The results of the univariate analysis of the present study demonstrated that extracapsular spread does not significantly affect RFS, DMFS and DFS rates. In addition, multivariate analysis indicated that cervical lymph node extracapsular spread was not an independent prognostic factor. This may be due to the lack of pathological evidence and diagnostic standard. Therefore, extracapsular spread is not included in the proposed novel N staging system.
The tumor-node-metastasis staging system is the comprehensive manifestation of all types of prognosis factors revealed by the investigation of clinical epidemiology, and the identification of novel prognostic factors depends on the improvement of diagnosis and therapy. Due to the continuous improvement of diagnosis and therapy, prognostic factors are also changing, and staging system should also be continuously improved. The staging standard of the 7th edition of the UICC/AJCC published in 2009 is primarily based on the data of regular two-dimensional radiotherapy. As the progress of accurate radiotherapy, IMRT has been more frequently applied in the treatment of NPC than regular two-dimensional radiotherapy (44) (45) (46) . In addition, the Table VI . OS rate and distant failure-free rates of various N stages between the proposed system and the 7th edition of the UICC/AJCC system. 7th edition of UICC/AJCC is primarily based on palpation (3,4) . Palpation of lymph nodes usually depends on the subjectivity of doctors, which may interfere with the accuracy of staging and the development of individualized treatment plans (34). Previous Table VII. Distribution and differences in risk ratios between the 7th edition of the UICC/AJCC staging system and the proposed novel N staging system. . Compared with the 7th edition of the UICC/AJCC staging system, the novel N staging system has improved risk difference and distribution balance, as well as distinct DMFS rate and OS rate between stages. In conclusion, the novel N staging system is more suitable for IMRT and more accurately predicts the prognosis of patients with NPC.
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